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levels are important in the onset of cardiovascular events. 5 Increased high sensitive C-reactive protein (hs-CRP) concentrations and low circulating ApN levels are associated with an increased risk of insulin resistance in patients with impaired glucose tolerance, type 2 diabetes mellitus and obesity. Antiinflammatory properties of ApN, however, are not associated with overall obesity. 3, [6] [7] [8] Some studies have suggested that, in healthy people, serum ApN might be associated with vascular function independently of insulin resistance. 9 Nevertheless, owing to its insulin sensitizing action ApN seems to be important in both insulin resistance and vascular protection. 10 ApN may act as an anti-inflammatory mediator and thus play a role in the prevention of diabetic microangiopathy. On the other hand, in type 1 diabetic patients diabetic nephropathy has been shown to correlate with increased ApN levels. 11, 12 Genetic factors cannot be ignored when ApN is involved, as family history of diabetes has been shown to be associated with hypoadiponectinemia. Gonzales-Sanchez and coworkers have thus demonstrated that higher incidence of impaired glucose tolerance, and ApN and tumour necrosis factor (TNF)-α levels are genetically determined. 13 The present study was designed to investigate the role of ApN in diabetes and the parameters important for the prediction of ApN in patients with type 1 diabetes on intensive insulin treatment, those with type 2 diabetes and the control patients.
Subjects and Methods
The patients received both written and oral information about the study and signed a written informed consent. The study protocol was approved by the hospital's ethics committee.
Patients
A total of 118 outpatients were included in the study: 28 with type 1 diabetes and 49 with type 2 diabetes: the control group consisted of 41 non-diabetic patients. Each subject was fasted for 12 hr before blood sampling. Patients with type 2 diabetes were receiving oral hypoglycemic drugs and/or diet, while patients with type 1 diabetes had received intensive insulin treatment for more than one year before the study. Diabetes mellitus was defined according to the American Diabetes Association classification. 14 Distinction between patients with type 1 and type 2 diabetes was made based on time to initiation of insulin therapy after diagnosis, and on 2 positive results out of 3 analyzed autoantibodies, i.e. islet cell autoantibodies, autoantibodies to glutamic acid decarboxylase (GAD), and autoantibodies to the tyrosine phosphatase (IA-2). Patients with malignancies, immunologic and infectious inflammatory diseases, pregnant women, and patients receiving corticosteroids or cytostatics, were not included in the study.
Clinical and laboratory parameters important for the definition of diabetes, obesity and metabolic syndrome included age, diabetes duration, body mass index (BMI), ApN, hs-CRP, fibrinogen (FIB), homocysteine (HCY), C-peptide, white blood cell count (WBC), systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting blood glucose (fBG), glycated hemoglobin (HbA1c), uric acid (UA), gammaglutamyl transpeptidase (GGT), HDL-C, LDLcholesterol (LDL-C), and triglycerides (TG). A 24-hr albumin excretion rate (AER) was also measured in patients with diabetes. Type 2 diabetic patients were assigned to groups according to BMI (BMI<25 -group A, BMI 25-30 -group B, BMI>30 -group C). Pulse pressure (PP) was calculated from SBP and DBP. Blood pressure was measured three times in each patient after 5 minutes of supine rest. Mean values of three measurements were used in statistical analysis.
method, and hs-CRP by an immunoturbidimetric assay on the Olympus AU600 analyzer (Olympus Optical Co., Tokyo, Japan). HCY in EDTA plasma was measured by an automated chemiluminescence assay (Advia Centaur, Siemens Medical Solutions, Germany). Cholesterol, TG, UA and glucose were analyzed using standard enzymatic procedures, and HDL-C using a homogenouos assay on an automated analyzer (Olympus AU600, Olympus Optical Co., Tokyo, Japan).
Data analysis
Descriptive statistics (N, mean and standard deviation) were estimated for all analyzed variables (age, diabetes duration, ApN, hs-CRP, WBC, SBP, fBG, HbA1c, FIB, HCY, BMI, UA, LDL-C, HDL-C, TG, GGT and C-peptide). In the results, type I error (α) of 0.05 was considered statistically significant. Associations between ApN as dependent variables and the age, sex, duration, WBC, SBP, HbA1c, hs-CRP, FIB, HCY, C-peptide, BMI, fBG, UA, AER, GGT, HDL-C, LDL-C, and TG as independent variables were analyzed using multiple stepwise regression. Univariate regression was also performed for all selected variables in the stepwise procedure. Differences between ApN, hs-CRP, BMI, fBG and HDL according to the type of DM, sex and type*sex interaction were tested using analysis of variance (ANOVA). Tukey-Kramer multiple comparison post hoc test was used to determine which group interactions were significant. 15 Differences in ApN, hs-CRP, FIB, fBG, HDL-C and TG values in type 2 diabetes according to BMI (<25, 25-30, >30) were tested with Kruskal-Wallis nonparametric test, because the assumption of homogeneity of variance for all tested variables was not met. 54 ApN -Adiponectin, hs-CRP -high sensitive C-reactive protein, SBP -systolic blood pressure, DBP -diastolic blood pressure, PPpulse pressure, fBG -fasting blood glucose, HbA1c -glycated hemoglobin, FIB -fibrinogen, HCY -homocysteine, BMI -body mass index, LDL-C -LDL-cholesterol, HDL-C -HDL-cholesterol, GGT -gamma-glutamyl transpeptidase ApN -Adiponectin, hs-CRP -high sensitive C-reactive protein, SBP -systolic blood pressure, DBP -diastolic blood pressure, PPpulse pressure, fBG -fasting blood glucose, HbA1c -glycated hemoglobin, FIB -fibrinogen, HCY -homocysteine, BMI -body mass index, LDL-C -LDL-cholesterol, HDL-C -HDL-cholesterol, GGT -gamma-glutamyl transpeptidase ApN -Adiponectin, hs-CRP -high sensitive C-reactive protein, SBP -systolic blood pressure, DBP -diastolic blood pressure, PPpulse pressure, fBG -fasting blood glucose, HbA1c -glycated hemoglobin, FIB -fibrinogen, HCY -homocysteine, BMI -body mass index, LDL-C -LDL-cholesterol, HDL-C -HDL-cholesterol, GGT -gamma-glutamyl transpeptidase ApN -Adiponectin, hs-CRP -high sensitive C-reactive protein, SBP -systolic blood pressure, DBP -diastolic blood pressure, PPpulse pressure, fBG -fasting blood glucose, HbA1c -glycated hemoglobin, FIB -fibrinogen, HCY -homocysteine, BMI -body mass index, LDL-C -LDL-cholesterol, HDL-C -HDL-cholesterol, GGT -gamma-glutamyl transpeptidase ApN -Adiponectin, hs-CRP -high sensitive C-reactive protein, SBP -systolic blood pressure, DBP -diastolic blood pressure, PPpulse pressure, fBG -fasting blood glucose, HbA1c -glycated hemoglobin, FIB -fibrinogen, HCY -homocysteine, BMI -body mass index, LDL-C -LDL-cholesterol, HDL-C -HDL-cholesterol, GGT -gamma-glutamyl transpeptidase ApN -Adiponectin, hs-CRP -high sensitive C-reactive protein, SBP -systolic blood pressure, DBP -diastolic blood pressure, PPpulse pressure, fBG -fasting blood glucose, HbA1c -glycated hemoglobin, FIB -fibrinogen, HCY -homocysteine, BMI -body mass index, LDL-C -LDL-cholesterol, HDL-C -HDL-cholesterol, GGT -gamma-glutamyl transpeptidase ApN -Adiponectin, hs-CRP -high sensitive C-reactive protein, SBP -systolic blood pressure, DBP -diastolic blood pressure, PPpulse pressure, fBG -fasting blood glucose, HbA1c -glycated hemoglobin, FIB -fibrinogen, HCY -homocysteine, BMI -body mass index, LDL-C -LDL-cholesterol, HDL-C -HDL-cholesterol, GGT -gamma-glutamyl transpeptidase ApN -Adiponectin, hs-CRP -high sensitive C-reactive protein, SBP -systolic blood pressure, DBP -diastolic blood pressure, PPpulse pressure, fBG -fasting blood glucose, HbA1c -glycated hemoglobin, FIB -fibrinogen, HCY -homocysteine, BMI -body mass index, LDL-C -LDL-cholesterol, HDL-C -HDL-cholesterol, GGT -gamma-glutamyl transpeptidase ApN -Adiponectin, hs-CRP -high sensitive C-reactive protein, SBP -systolic blood pressure, DBP -diastolic blood pressure, PPpulse pressure, fBG -fasting blood glucose, HbA1c -glycated hemoglobin, FIB -fibrinogen, HCY -homocysteine, BMI -body mass index, LDL-C -LDL-cholesterol, HDL-C -HDL-cholesterol, GGT -gamma-glutamyl transpeptidase ApN -Adiponectin, hs-CRP -high sensitive C-reactive protein, SBP -systolic blood pressure, DBP -diastolic blood pressure, PPpulse pressure, fBG -fasting blood glucose, HbA1c -glycated hemoglobin, FIB -fibrinogen, HCY -homocysteine, BMI -body mass index, LDL-C -LDL-cholesterol, HDL-C -HDL-cholesterol, GGT -gamma-glutamyl transpeptidase Differences in ApN, HDL-C, and BMI according to age groups (<50, ≥50) and sex were tested using ANOVA. All statistical analyses were conducted using STATISTICA 7.1 (descriptive statistics and ANOVA ) and SAS 8.1 statistical package (regression analysis). Graphs were produced using STATISTICA 7.1. [15] [16] [17] 
Results
Descriptive statistics of laboratory data according to the type of diabetes are presented in Table 1 .
The best model (R 2 =0.989) for predicting ApN in type 1 diabetes obtained using stepwise multivariate regression included FIB, WBC, UA and TG. In type 2 diabetes, the best model for ApN (R 2 =0.751) included C-peptide, WBC, SBP, fBG, HbA1c and HDL-C. Univariate regression analysis showed that only UA was statistically significant for ApN (R 2 =0.546) in DM1, while fBG and HDL-C were statistically significant in DM2 ( Table 2 ).
The differences between ApN, hs-CRP, BMI, fBG and HDL-C according to the type of diabetes and sex were tested by ANOVA (Table 3) , which showed among-group differences in ApN, HDL, BMI and fBG according to the type of diabetes ( (Table 3) . Between-group differences were also observed in ApN and HDL according to sex. No statistical differences were observed in the interaction between the type of diabetes and sex and in hs-CRP. ApN correlated significantly (P<0.05) with BMI (r=-0.26), C-peptide (r=-0.49), PP (r=0.24) and HDL-C (r=0.51).
As there were no women with BMI >30 nor men with BMI <25 among the patients with type 1 diabetes, analysis of the tested variables could only be performed in type 2 diabetic patients. The differences in ApN, hs-CRP, FIB, fBG, HDL-C and TG in type 2 diabetes according to BMI (<25, 25-30, >30) were tested, with difference observed in hs-CRP (P =0.001), fBG (P =0.005) but not in HDL-C (P =0.054) and ApN (P =0.167). Comparison of ApN values according to AER (<30mg/24hr and ≥30mg/ 24hr) did not reveal differences in either type 1 (P =0.49) or type 2 diabetes (P =0.07).
Total ApN and HDL-C levels were lower in men than in women. ApN was decreased in women, but not men, > 50 yr of age. HDL-C decreased with age in women, and increased in men, but not significantly (Table 4 ). There was no sex-related difference in BMI, which was increased in women ≥50 yr of age, but not decreased in men of the same age. C-peptide was found to be increased only in women ≥50 yr of age.
Discussion
Levels of ApN in this study were shown to be significantly higher in women as compared with men, which is in agreement with the literature. 12 There was no difference in CRP values between men and women, suggesting that a mechanism other than interrelation between inflammatory markers and ApN was responsible for ApN changes. It has been proposed that in men ApN is suppressed by sex androgens. 18 A comparison of ApN and HDL-C levels between women and men according to age (50 yr was the borderline age) revealed a decrease in ApN and HDL-C in women ≥50 yr, and an increase in men of the same age. This corresponds to reports on lower values of ApN in climacteric women. 19 On the other hand, higher ApN levels have been observed in the elderly, leading to a conclusion that this could be attributed to "ApN resistance". 3 It can be concluded that in women the impact of estrogens is more dominant than that of age. Although women with diabetes have increased protective ApN levels, diabetes in women is associated with a higher risk of cardiovascular diseases when compared with men, which could be explained by estrogen variation during life. 20 Yaturu and co-workers have found decreased ApN levels in patients with prediabetes and type 2 diabetes. 21 We found differences in ApN levels among patients with type 1 diabetes, type 2 diabetes and the control patients, with lower values observed in type 2 diabetes and the control group in comparison with Moreover, the studied groups were also different with regard to fBG levels and BMI. ApN has been shown to have a negative correlation with BMI among non-diabetics, but not among type 1 diabetic patients, whereas in Japanese men no correlation has been observed whatsoever between the two parameters. 11, 22 A study of the association of ApN with insulin resistance and dyslipidemia has shown that ApN did not correlate with overall obesity, but with subcutaneous abdominal fat. 23 Furthermore, the impact of overall obesity on ApN production has also been found to be lesser than that of epicardial fat. 3 In our study, ApN was found to correlate with HDL-C, PP, C-peptide and BMI, whereas changes in CRP in type 2 diabetic patients correlated with BMI, suggesting an impact of obesity on inflammation. Although ApN and inflammatory factors are inversely correlated, 7 in this study, despite significant among-group differences in ApN no such difference in CRP, FIB, and HCY among the three studied groups was observed according to the type of diabetes. This suggests that other reasons besides inflammation are responsible for different ApN values in different types of diabetes.
Important predictors of ApN in patients with type 2 diabetes were WBC, SBP, fBG, HbA1c, HDL-C, and C-peptide. Recent literature has pointed to an interrelation between C-peptide levels and ApN production in adipocytes. 24 GAD-positive women have been reported to have higher concentrations of ApN than GAD negative women, which could be due to a lower C-peptide concentration. A positive correlation between ApN and GAD and a negative correlation with β-cell function in type 1 diabetes have also been reported. 25 In the present study increased ApN levels in patients with type 1 diabetes could be explained by the lack of inhibitory effect of C-peptide on adipocytes. The relationship between intensive insulin treatment and ApN is not clear. ApN concentration in non-obese subjects has been shown to correlate better with β-cell function than with insulin sensitivity. 26 The DIGAMI study demonstrated that diabetic patients with acute myocardial infarction on intensive insulin treatment had better prognosis and an absolute reduction in mortality. 27 A possible explanation could be the effect of intensive insulin treatment on inflammation and ApN levels. 28 Several authors have observed that intensive insulin treatment normalized elevated serum C-peptide and increased circulating ApN level, improving insulin sensitivity. 29, 30 In this study, diabetic patients receiving intensive insulin treatment had increased ApN and decreased CRP levels, but the former did not correlate with the duration of insulin treatment. Although reduced C-peptide levels in type 1 diabetes correlated with an increase in ApN, account should be taken of insulin resistance in type 2 diabetes which correlates with ApN levels. 24 As no difference in ApN levels between patients with type 2 diabetes and the controls was observed, it could be presumed that in type 2 diabetes C-peptide levels are not as reduced as in type 1 diabetes, but are similar to those in the control group.
ApN is associated with endothelial protection. 8, 9 The presumed protective role of ApN is not in agreement with the finding of increased ApN in type 1 diabetes, especially in patients with advanced stages of nephropathy. Increased ApN level has been reported to be associated with the onset of microalbuminuria. 11 A possible explanation could be that ApN can change the integrity of endothelial junctions and induce nitric oxide (NO) production, which might have an effect on hyperfiltration. 31, 32 Increased ApN levels in patients with renal failure and proteinuria could be attributed to increased ApN production and reduced clearance in renal failure. 33 Based on the findings of Delporte and Pannacciulli, Behre and co-workers have hypothesized that in subjects with renal failure, anorexia nervosa, type 1 diabetes or weight loss increased ApN helps against malnutrition and starvation and could be considered as a marker of cachexia and catabolism. 34 Finally, an explanation for increased ApN in nephropathy could also be that ApN belongs to the soluble Ljubic et al. Adiponectin and C-peptide in diabetes collagen family. 3 The lack of correlation between AER and ApN levels in this study could be due to the sample size, and to the fact that the majority of patients had microalbuminuria and normal creatinine clearance, while only few had macroalbuminuria. A previous observation about a positive correlation between increased ApN and albuminuria suggests a need for further investigation, particularly because of the protective effects of renin-angiotensin system inhibitors on AER and ApN. 35 We found SBP to be among the main predictors of ApN in type 2 diabetes. Low ApN level could be considered as a marker predicting arterial hypertension and stiffness as a result of impaired vasodilation due to decreased production of NO in insulin resistant patients. 36 Correlation between epicardial adipose tissue expression, low Apn and hypertension has been reported in the literature. 3 The main predictors of ApN in type 2 diabetes in our study were C-peptide, WBC, SBP, fBG, HbA1c and HDL-C, whereas in type 1 diabetes the main predictors were FIB, WBC, UA and TG. WBC was found to be the only common predictor of ApN levels in both types of DM in this study. Together with other known predictors such as FIB, TG, HDL-C and UA, it is also considered to be responsible for the development of atherosclerosis. 37 Higher UA levels seem to be a protective compensatory mechanism in a state of elevated total antioxidant capacity. 38 Our finding that HDL-C correlated negatively with ApN levels corresponds to reports hypothesizing that low ApN might be a trigger for dyslipidemia 39 , demonstrating that HDL-C is an important predictor of ApN levels in type 2 diabetes. HCY is a risk factor for cardiovascular diseases, but it seems that its association with nephropathy is even more important. We did not find any correlation between HCY and ApN levels in the present study.
Conclusions
In this study ApN levels were found to be similar in patients with type 2 diabetes and in those without diabetes, but higher in the type 1 diabetic patients. Serum ApN concentration was associated with HDL-C, Cpeptide, PP and obesity. Intensive insulin treatment might be protective, as it improves insulin sensitivity by increasing ApN levels and normalizing C-peptide, while ApN could also provide protection by affecting dyslipidemia and inflammation. The association between C-peptide and ApN might be important, among other reasons responsible for their different respective levels in different types of diabetes. Interrelations between ApN and inflammation, dyslipidemia, Cpeptide levels and sex appear to be important for complex ApN modulation and its action.
